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CHAPTER 1 


Introduction 


Majority of India’s population lives in rural areas and depends primarily on biomass 
resources for meeting their energy demands. The use and management of rural energy needs 
focused planning, specially because of limited number of options available in rural areas. 

Very often energy planning in rural areas is considered synonymous with biomass planning 
and may be add the different kinds of biomass resources used thus such cases get linked to 
overall developmental planning. Biomass is generally being consumed by traditional devices, 
with low efficiency. Promotion of fuel-saving technologies such as Improved chulha, biogas 
plants, water heating devices have demonstrated the conservation and efficient use of 
different bio-fuels. Now the efforts are afoot to utilise biomass resources, in a more efficient 
manner, for power generation like sugarcane bagasse based co-generation in sugar industry 
and gasification of rice-husk. Such options are relatively new to India but these have now 
established their utility under laboratory-conditions as well as in field, in other countries too. 
However, the technologies are suitable for pilot demonstration level installations in India. 

The consumption of dung and agricultural residues as fuel is widespread in agriculturally 
prosperous regions of the country. But ftielwood continues to be the main domestic fuel in 
less endowed and economically poorer regions. Fuelwood, agricultural residues and animal 
dung contribute between 90 and 95 per cent of the total fuel consumed in domestic sector and 
fuelwood alone accounts for 65 per cent (Natrajan and Sunder, 1985). Wood is also 
extensively consumed in rural industries e.g. brick arid lime kilns, roadside restaurants, 
bakeries, etc. Generally crop-residues have low fuel value owing to herbaceous nature and are 
fed to livestock. But the residues from cotton, sugarcane, rice, etc. are being consumed for 
energy purposes. However, their mode of consumption is inefficient, linked with drudgery 
and finds limited applications. 

India generates over 370 million tonnes of biomass every year. In addition, to crop-residues, 
biomass is also produced as a by-product in many industrial processes. The prominent 
biomass by-products are rice-husk, saw-dust, sugarcane bagasse, coir-pith and groundnut 
shells. It is estimated that there are more than 60000 rice-mills in country and total production 
of rice-husk approximately 20 million tonnes annually. It has also been estimated that in 
addition to its present usage in domestic sector as fuel, India has a potential of generating 
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\ 7nU0 MW ol pnuci In processing biomass through cogeiicranon. combusiion and 
gaMlication louies 

ibonniss can cHocii\ci> be used for |"Knvcr generation and nioremcr. ol’diiTcrent capacities, 
liioinass ri'sonices are highly scattered and thus may be used tor several (^piicms efiMUMgy 
uses. ihei>ptions arc direct combustion, gasification, pyrolysis, liqiiidillcation. etc. I he 
gasiftcation princess iiuoU cs tlie conversion ot‘bii>mass to a higli energy combustible gas for 
thermal applications andAir tor use in an internal combustion engine to generate cleciric 
power. A biomass gasitler c<msis*is of’a reactor where, under controlled temperature and air- 
supply, stilid butmass is burnt to tibiain a combustible gas. I he gas pa.s.scs through cooling 
and cleaning system before being led into a compre.ssion-ignilion engine to run in dual luel 
mode, f he engine is further connected to a allcrnalor to produce electricity. Gasifiers up lo 
501) kW ha\ e been developed and demonstrated. I'wo co-generation units have been installed 
in Tamilnadu with a capacity of 3 x 2.5 MW for eillcienl u.se ol bagasse. A rice-husk based 
10.5 MW eo-gcncration plant was also installed in 1990 in Punjab at an integrated rice 
processing unit whicli uses 5.5 MW and sells the surplus to State bdcctricity Board (Source: 
Shafiiof^or, 1 99 . 


To tap the potential of various renew'able resources of energy, a variety ol technology 
dissemination programs arc being implemented by the government in active collaboration 
with Non-go\ crnmontal. international and grassroots organisations. But the expected 
objectives were not achieved primarily because ol' lapses in the proper conception of held 
realities wliilc planning at a macro level and implementing it w'ith target bring approach. In 
Iasi two decades, complexities in rural energy planning have been seriously considered and 
linked with overall development pliinning by way ol decenlrali.scd planning. 1 o make 
deccnlrali.sed planning more llcxible, relevant and integrated with planning at higher levels, 
programmes arc being implemented at block level such as the Integrated Rural luicigy 
Programme (1R1-.IT which was coordinated by Hncrgy Cell of the IManmng Commission. 1 he 
Ministry ol'Non-convenlional linergy Sources (MNIiS) earlier started with village level 
planning and implementation of projects under the (Jr/a^ram and Relercnce tjiia}^iani 
programme. Later it attempted to develop methodology lor district level energy planning in 
.scleclcd di.sliicls ofllic country. In order to be more effective in implementation as well as 
administration ol energy activities, MNBS has now chosen to devi.se energy plans at the block 
lc\ el. I he sliidie.s arc been undertaken in selected 100 blocks in dillerenl .stales. 


One such scheme of developing block level planning aimed at 10 MW power generation by 
using hiomas.s. Since the blocks have different area coverage b> grid; levels ol eleclriheation. 
slalii.s oi povser supply and llic power consumption pattern, lhe.se mas have particular 
development piioi iiies for power generation as well as for their consumption. I he planning 
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process has to deal with the supply of required fuel for power generation and the technology. 
The nature of supply, in terms of location and quantum, defines the size of power generation 
and hence the scope of proposed application. A large power generation unit may feed the 
local grid whereas a decentralised unit may energise some small community level 
applications. Moreover, isolated power generation may create a replicable demonstration of 
independent decentralised energy unit in the blocks which are not connected to grid. 

Biomass or energy planning at any level would need a suitable database and the need is more 
urgent desperate at the micro-level. Most of the surveys gather very good information on 
biomass consumption side. .However, due to various technical issues related to the availability 
of suitable data and to the technical nature of the resources, the biomass supply is not 
assessed in detail. Supply side computations are generally based on broad-based assumptions 
on land-use and regional level biomass productivities, wet to dry ratios, collection 
efficiencies, harvesting as well as collection practices, etc. However, for a micro-level 
planning the factors should be well researched at local level and included in the 
computations. 

Status of power supply in West Bengal 

West Bengal has an installed capacity of 3550 MW power and distributes 14296 Giga watts 
electricity, irrespective of the consumer. As per the provisional figures for 1995-96, the state 
has installed capacity of 5481 MW and generates 19215 MU'. The state has a deficit of 
almost six per cent (832 million kWh). Seventy six per cent of its villages are electrified but 
only 32.9 per cent households were electrified till the year 1992-93. The deficit compelled 
most of the major industries to install power production (730.2 MW) units to meet their 
demands. Iron & Steel (208.9 MW), textile (54.2 MW), fertilizer (55.1 MW) and mineral oil 
(31.5 MW) industries are the major private power producers. Small hydro power stations also 
generate 7.46 MW power and scattered solar photovoltaic (SPV) installations produce 83.43 
kWh. The domestic sector also draws major fuel supply from cow-dung, coal and wood, 
subject to the availability in dil'ferent districts. The power deficit, traditional dependance on 
local bio-fuels, and now number of households electrified (almost one-fourth villages are 
uneleclrifed) stress the need for substantial power generation and provide scope for 
decentralised independent power units. Since the districts under study rank among the major 
producers ol' paddy in state as well as country, the rice-husk may be a probable source of 
power generation here. 


1 ixunomic Review - 19%/97. Govt, of W. Bengal. 
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Table LI Distribution of households oFthe state by type of fuels in 1991 (%) 


i Mtlr (fiinti flritnatv CcmI CJuircnal I PC Wood fiiofj.is Krrotrnr Otfwr’i 


.57 2.12 4.B7 12.11 0.22 t'S.Oi 

.‘)4 1.90 0.57 41.54 O.IH 0.12 19.87 

.f>5 2.52 15.44 9.00 0..1J M .«)fj i 


Objective 

I'he objcclive til'the study is: 

1. i'o make an a.ssessment of biomass availability for lOMW power generation in 
Memari block of Dist. Burdhaman. 


Scope of the report 

'fhc block lev el energy planning aims at assessing the biomass availability for large power 
generation. The study area is a pre-dominantly agricultural area and has a large area under 
rice cultivation, fhree crops of rice are taken every year and practically a major portion of the 
land remains under rice in every cropping season. Moreover, rice is the major biomass 
resource as well as the only crop residue, in the area, for which proven technology for power 
generation exists, fhoiigh the study was designed to focus only on rice-husk and sugarcane 
residue production in Memari and Sainthia block, respectively, but residues from all other 
crops were also studied. However, estimation was made only for those suitable for proposed 
power generation. Cow-dung production and sustainable yields from forests and social 
forestry plantations were also estimated, which may not produce sufficient amount for large 
power generation but definitely have a role in meeting local energy requirements. 

The pre-defmed scope of the study restricts the study to assessment of biomass production 
potential for power generation and at the most its consumption. But Tata Energy Research 
Institute (TERl) proposed and in addition the study team explored the nature, location and 
size of the probable consumers in the area. In addition, priorities of the consumers in meeting 
power demands and then scanned were explored for and the suitable application for the 
proposed power generation. 


The nature i>f study is primarily secondary data based and all relevant technical, financial and 
infrastructure related data were obtained from various Govt. Departments and Officers. 
However, a detailed questionnaire-based primary survey was also conducted to assess local 


development priorities and feasibility of power generation. A cross section of society was 


interviewed 


and different industries were 


surveyed as per the Ministry' ot Non-cuiivcntionai 


Energy Sources (MNES) guidelines. The ground tmth from primary survey also cross 
checked with the data from secondary sources. Hence major informations were obtained and 
not scientifically developed. 


TEUI REPORT \'o. ^}b/RE/64/Memari (1997) 
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Tlie chapter on the study area details demographic, geographic and meteorological 
information about the area. Most of information was collected from block office and some 
were procured at district headquarters. This section also highlights the contrast between two 
selected blocks on the basis of the available data on selected parameters. The methodology 
section deals with the data sources, general approach to the estimations and formulae used for 
computations. However, specific methodology for some of the computations have been given 
in the relevant sections. 

1 he chapter on biomass assessment depicts the maximum potential availability of different 
biomass in the .selected blocks. The availability has to be discounted for various endiises and 
local unrecorded consumption. Power generation potential by utilising the biomass resources 
lor which small yields were available and/or associated practical difliculties in power 
generation, were also discussed along with the assessment. The re.sources are not discussed in 
the section on .scenarios of power generation. 

Actual rice-husk availability from individual rice-mills and from all the rice-mils collectively, 
was also calculated because the mills usually have a catchment area extending beyond the 
block boundaries. The information is provided in a special section on power generation 
potential using rice-husk. Besides this, the section also deals with the potential of power 
generation using different types of biomass resources, possible applications and the 
associated pre-requisites. The conclusions are drawn keeping in view the continuity of the 
biomass supply, local priority assigned to the application and its demonstration value. 


It Kl KH'ORj NO. 9()/Kl/b4/Mf^nuin (I9i)7) 



study Area 


The biomass availability for power generation was assessed in Memari block of district 
Burdhaman in West Bengal. The district is primarily agriculture based and agriculture is the 
major revenue generating activity. Out of the total population 70.9 per cent lives in rural 
areas. 

Table 2,1. General information on Study area 


S.No. 

Information 


District Burdhaman 

1. 

District H.Q. 


Burdhaman 

2. 

Latitude 


22“56’ & 23®53’ N 

3. 

Longitude 


86O48' & 88°25’ E 

4. 

Selected block 


Memari 

5. 

Block H.Q. 


Memari & Amedpur 

6. 

Development blocks 


MemarH and Memari-II 

7. 

Total blocks 


32 

8. 

Major towns 


Memari 

9. 

Railway Stn. 


Memari 

10. 

National Highway 


NH-2 (G.T. Road) 

13. 

Human population (1991) 

3186833 

12 . 


Urban 

1154991 



Rural 

2031842 


Landuse 

The block/taluka are identified as the police station areas in the state. Memari has two 
development blocks i.e., Memari-I and Memari-II with separate block headquarters. Memari 
block has more number of registered industries, higher agriculture production as well as 
productivity. However, hardly lour villages have forest area in the village, in the block. 
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Table 2.2. Landusc in the selected blocks 


S No 

Inloimation 

Memari block 

1 

(i('()f’wphical area 

42180.03 

2. 

C iiliivaleci area (ha) 

34338.14 

3 

Impaled area (ha) 

28145.91 

4. 

Non-irrigated area (ha) 

6192.33 

5. 

{ ulturable wastelands (ha) 

492.07 

6. 

Forest area (ha) 

4.05 

7. 

Constructed area (ha) 

7345.67 

8, 

Number of villages 

222 

9. 

No. of un-inhabitated villages 

0(3 included in town) 

10. 

No. of Un-electrified village 

104 


Demographic data 

District Burdhaman had 29.39 per cent population living in 49 towns and the selected block 
had only one town (Memari). 

Table 2.3. Demographic details of the selected blocks 


S.No. 

Information 

Memari block 

1 . 

Human Population 

275177 

2. 

Decadal growth (%) 

26.31 

3. 

S.C. population 

74237 (26.98) 

4. 

S.T. population 

40774 (14.82) 

5. 

Literates in area 

103498 (42.43) 

6. 

Literates in towns 

8645 (51.27) 

7. 

Agriculture cultivators 

21489 (7.81) 

8. 

Agriculture labourers 

47089 (17.11) 

9. 

Industrial labourers 

1809(0.66) 

10 

Main workers 

89586 (32.56) 

n. 

Marginal workers 

2173 (0.79) 

12. 

Non-workers 

183418 (66.65) 


Note; f igurr in /i.nenthenh revpdl the percentage to the total population 
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Meteorological data 

The area falls in Iropical zone and experiences hot and humid climate, 'fhe area gets an 
annual rainfall ranging between 1300 to 1500 mm, on an average, femperature dips to 5''C in 
winter and shoots to 44‘’C in summers. 

Table 2.4. Meteorological data for the study area 



S. No. 

Dist. Burdhaman 




1989 

1990 

1991 

1 . 

Annual Rainfall (mm) 

1202 

1557 

1443 

2 . 

Max'" Temperature (“O 

44 

41 

44 

3. 

Min'" Temperature ("O 

3 

8 

5 


Industry 

Generally service and manufacturing industries have developed in the study area. Major 
industries eire rice-mills, cold storage £ind metal industries. The industries and market areas 
have developed along the major roads. Locations of the major industries have been marked in 
the maps in appendices (Annexure-III). 

Table 2.6. Other details about selected districts 


S.No. 

Details 

Burdhaman 

1 . 

No. of primary & middle schools 

233 

2 . 

No. of High & Secondary schools 

32 

3. 

No. of Private doc., dispensary, etc 

46 

4. 

No. of Hospitals 

2 

5. 

No. of Primary health centers 

3 


Though, the selected blocks are adjoining and have lot of apparent similarities but the blocks 
have contrast in terms of landuse, sources of irrigation, population density, urbanisation rate, 
industrialisation rate, development of market infra-structure and overall development growth 
rate. 

Employment pattern 

Burdhaman has such six towns namely, Asansol (7.64 lakh), Durgapur (4.16 lakh), 
Bardhaman (2.45 lakh), Ondal (2.21 lakh), Raniganj (1.56 lakh) and Kulti Barakar (1.09 
lakh). The selected blocks are predominantly agricultural blocks. Area under Rice is 82.7 
percent in the Bardhaman. Other major crops are Potato and Rapeseed. In the study area 

TERI REPORT N'o. i)(}/RE/C)4/Meniari ( 1997 ) 
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53.41 per cent population in Burdhaman district is involved in agriculture. Manufacturing 
industries in Bardhaman are the second largest employers. 

Status of Irrigation 

Government canals and river water are the major sources of irrigation in the selected blocks. 
However, a variety of irrigation sources are being utilised for the purpose. 

Table 2.5. Sources of Irrigation and area coverage 


S.No. 

Burdhaman 

Source 

Area (ha) 

1. 

R 

336.69 

2. 

GC 

14917.89 

3. 

TK 

1169.51 

4. 

Tubewell with electricity (TWE) 

997.0 

5.- - - 

TW 

363.39 

6. 

TW, TK, R 

405.09 

7. 

GC, TW, TK 

2976.08 

8. 

TWE, TK, R 

796.42 

9. 

GC, TWE, TW, TK 

859.15 

10. 

TW, R 

28.33 

11. 

GC, TW, TK, R 

573.03 

12. 

GC, TW 

663.02 

13. 

GC, TWE, TK 

1014.13 
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Methodology 


Being a study in leading rice producing districts of country, it was primarily designed to 
estimate rice husk production. But the biomass availability in the form of cow-dung, other 
crop-residues and fuelwood was also assessed for the proposed power generation in the study 
area. The study was based on secondary information and later the calculations based on them 
were made. However detailed primary survey was also conducted to verify the secondary 
information and to study the local priorities associated with the proposed power generation as 
well as it’s consumption. 

Biomass supply 

Secondary data was sought from District headquarter, office of the Block Development 
Officer, Industries Officer, District Planning officer, District Statistics Officer, Divisional 
Forest Officer, District Supplies officers. Agriculture officer, Panchayat Officer, Panchayat 
Sabhapati and Secretary, DIG office, Municiplity office. District Small Scale & Cottage 
Industries and University of Burdhaman. Latest published data, district Gazetteers, 
agricultural statistics and census records were taken B.G. Press (Calcutta). Primary survey 
included detailed discussions with Govt. Officials, elected member to Panchayats, Village 
Pradhan and villagers in 25 villages in the selected blocks. 

Table 3.1. Data sources used during the study 


S.No 

Information 

Source 

At District Headquarter (Secondary Sources) 


1 . 

District and block level landuse 

District Panchayt Officer 

2. 

Census records 

Distt. Statistics Officer 

3. 

Kerosene, LPG supply 

Distt. Supplies officer 

4. 

Industrial profile 

Distt, Industry Officer 

5. 

Govt. Documents 

B.G Press, Calcutta 

At Block level 


6. 

Landuse, Census, industrial profile, trends in urbanisation 
and industrialisation, Organised and Un-organised 
industries, agriculture markets 

Local Block Development Officer 
Officer 

7. 

Growing stock, sustainable yield of forests 

Divisional Forest Officer, Forest SuoK 
reports 
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_ '^OtlKO _ 

^ t rop-wise landuse, grain productivity, grain to straw r.itio. Blot k Agrir ulturf ( )tti( cr 
Irrigiilion syslpms. 


Ai Educalional institutes 

9 C rop-wise grain productivities, Land productivities status, ( ale ulia and Burclhaman I tniversities 
l)ioinass related ratios 


At Panrhayat Level (Primary Survey) 

10 (irowth rates in population. Urbanisation, industrialisation. Pant hayai Sabhapati, Set retarv 
(hange in landuse, agriculture crop production, 
development of service sector, etc. 

11 . Livestock, Grain productivity. Energy & biomass Villagers 

(onsumption, biomass related ratios, Electrification, 

Agriculture development, market prices, etc. 


Power requirement & consumption pattern, biomass Industries (Saw-milK, nt e mills) 

processed or consumed, production process, electricity 
bills, details of generators, diesel consumption, power cuts. 


operational periods, etc. 


Agriculture residues 

Secondary information was collected from two Block Offices for Mcmari -1 and Meniari -11 
blocks and district headquarters Burdhaman (Burdhaman). 

Formulae used 

Agricultural crop residues 

Seasonal Rice-husk production = (Area under rice in a growing season x C irain 

productivity x Grain to husk ratio) 

Annual Rice-husk production = Sum of Rice-husk production under Aus, Amon & Bt>ro 

crop in the block 

Same formulae is applied to estimate other crop residues also but rice is the dominant crop so 
the formulae is given for rice-husk only. 

Cattle Dung 

People try to collect all the possible cattle dung from the field and the collection elTicicncv 
from field was assumed to be 90 per cent. However, the grazing days are hardly extend o\'er a 
fortnight. All the cow-dung from cattle-sheds was collected and thus the collection cfticicncv 
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was 100 per cent. Cienerally the livestock is from local breeds and yields five kilogram dung 
per day. 

Formulae used 

Annual Dung Production = l(Avg. dung productivity x Total no. oi* cattle x StalH'ed days x 

collection efficiency} + {Avg. dung productivity x Total in). of 
cattle X grazing days x collection efficiency} ] x Wet to dry 
weight ratio 


Tree canopies 

There is negligible area under forests in the selected blocks and all the area was located in 
hardly in 10 percent villages. Moreover, the villages had scattered tree cover. The source may 
yield only little biomass but it was estimated by using the following the formulae 

Formulae used 

Growing stock = Area under plantation (or canopy) x productivity 

(per hectare) 

Annual Sustainable Yield = Growing stock x 0.05 

Productivity estimates made by Forest Survey of India (FSl) for the area were used (FSI. 
1995). However, the similar information was also available in the ecological studies 
conducted by Bardhaman university. A factor of 0.05 was used to compute sustainable yield. 
It was selected on the basis the assumption taken by FSl that the local forests grow at the rate 
of five per cent per year. 

Villagedevel biomass, conventional fuel and electricity consumption were estimated on the 
basis of primary survey, conducted in the selected villages. Similar data for neighboring 
district was taken from TERI’s Rural Energy Database (REDB) and depicted in the relevant 
section. 

Assessment of power consumption 

Power consumption in the domestic sector was taken from secondary sources. Status of 
electrification, number of villages and household electrified were taken from District 
Statistics Olflcei. 1 he consumption levels were verified with fERl s nationwide Rural 
Energy Data Base (REDB) and the information was sought IVom the database. A primary 
survey was al.so conducted for field verification and assessing the latest situation on status of 
electricity. A similar primary survey was also conducted for industries to estimate their 
sanctioned load, period ofrunning, problems in meeting power requirements. A sanctioned 
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load, annual eleciricity bill, size of diesel generators maintained and expenditures on diesel 
consumption were taken as the indicators of power crisis. 

Assessment of power generation 

Biomass processing technologies are under development and the input-output ratios are being 
standardised, specially for large size gasifiers. The biomass consumption has direct bearing 
on power generated. The ratio may vary with design of gasifier and the type of biomass 
consumed. Generally for the gasifiers that consume palliated biomass the following relation 
holds: 

For generating IkWh energy, a wood requirement is 1.5 kg. 

Recently, workers have reported a requirement of 1.2 to 1.3 kg per unit of power generation. 
The ratio may improve over years and the biomass requirement may further reduce because of 
the continuing research, in the field. With the potential power generation, by using various 
biomass resources, the probable application and the associated prerequisites were observed 
and highlighted in relevant sections. 

Selection of villages 

The study focuses on land-based biomass resources hence the sample village selection was 
also made on the basis various types of land categories, i.e.. Forest land, irrigated agr. land. 
Unirrigated agric. land. Irrigated land as percentage of total land, and total village area. In 
both the selected blocks, the data on the selected parameters was entered for all the villages 
and arranged in ascending order. Then it was classified in low, medium and high ranges by 
dividing the range of values for each of the parameters in three equal classes. Later the 
parameter on Forest land was dropped as only 4 villages in Memari and 21 villages in 
Sainthia had forest i.e., less than 10 per cent villages had forest. In that case the parameter 
was hardly representative. 

It It became very obvious that more than 90 per cent of the population (the villages) fall in 
one category i.e., the population is highly uniform. It was also observed that all the 
parameters followed the similar trend (figure-1&2). The fact was further clarified by the 
graphs, where the peaks followed the similar trends. Further it could be concluded that any 
one ol the parameter alone could capture the variation among the population. Reviewing the 
situation, the irrigated agriculture land as a percentage to the total land was selected for 
revealing the variation and sample selection. Since the rice-husk, expected to be the major 
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Village Selection 
Block Memari 



VilUga* 


Un-lrrlgalad an* 


Xvrigataa an* 


T»t*i an* 


Figure 1 Village Selection in Memari block 

biomass resource, was linked to the status of irrigation, the parameter was considered more 
relevant. 


Sample Village Selection 

Block Memari 



Village (J.L.NO.) 


Figure 2. Sample village selection 
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Tabic 3.2. Summary oi^tlie data collected on various parameters in selected villages 

Paraniolrrs Low Medium High 

In Motn.iri block (District Burdhaman) 


Total l.md (h.i) 

0-450 

450 - 900 

900- 1350 

No. ol village's 

207 (93.6) 

12 (5.4) 

2 (1) 

IrriRalcd land (ha) 

0-700 

700- 1400 

1400-2100 

No. ot Villas'S 

218 (98.5) 

1 (0.5) 

2 (1) 

Un-irriRatpd land (ha) 

0-170 

1 70 - 340 

340-510 

No. ot vill.igps 

217 (98.2) 

3 (1.3) 

1 (0.5) 


/S/o/e - Figure in |),lrenthesl•^ denotes the percentage of total villages. 


Table 3.3. 'I'hc irrigated land as a percentage to total land (per cent) 


CIa«>s 



Memari block 

Villages 

(No.) 

Sample size 
(No.) 

Selected villages (J.LNo.) 

0-10 

8 

1 

69 

10-20 

2 

1 

54 

20 - 30 

4 

1 

176 

30 - 40 

1 

1 

55 

40 - 50 

5 

1 

219 

50 - (>0 

9 

1 

188 

f)0 - 70 

1 3 

1 

44 

70 - HO 

34 

3 

196, 172, 214 

80 - 90 

49 

5 

184, 59, 180, 28, 103 

90 - 100 

96 

10 

157, 24, 53,81, 162, 11, 136, 89,27,212 


All the villages in both the blocks were categorised in the ten classes of a class interval ol ten 
per cent, proportionate sampling was done based on the number ol villages in each class. A 
minimum of one village was selected from a class. Within a class villages were selected 
randomly. Finally 25 villages each were selected and studied in each block. 
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CHAPTER 4 


Biomass assessment in Memari block 


Biomass resources considered in the study include dung-cake, agricultural residues and wood 
that are used for energy purposes. The area being primarily rural, derives most of energy from 
land based and animal-based biomass resources. Most of the land in the area is u.sed lor 
.irrigated agriculture and the homesteads also house dense vegetation. The area also gets long 
monsoons and therefore the lands are highly fertile and productive. In the given 
socioeconomic conditions the local biomass sources have an important role and olTer 
considerable potential for energy end-uses. Thus all the sources were enumerated and 
assessed the potential in. the selected blocks for power generation. 

The present chapter has separate sections on biomass assessment in the block that detail 
information on various biomass resources. In the last, the biomass supply situations in the 
block has been consolidated to reveal the comprehensive situation, in brief. 

Biomass availability in the block 

The block is administered by two development blocks, i.e., Memari-1 and Memari-II with 
their headquarters at Memari and Amedpur, respectively. The same set of information w'as 
gathered from the two places. The block has approximately 81 per cent of land under 
agriculture. Forests exit over 4 ha area only out of a total land of more than 42000 ha. The 
block is primarily rural and biomass based. Handmade coal briquettes is the main fuel in the 
domestic sector. 

Co IV dung 

People generally maintain local breeds of cattle, goats and sheep. Only the economically 
stable lamilies had cattle. On an average, livestock holding per family is three in the block but 
owing to the small sized local breeds the dung productivity is low. 
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Tabic 4.1. Livestock in the District Burdhaman 


S.No 

/ k 

Number 

1. 

Cow 

1662274 

2. 

Butfnio 

132242 


( 'lO.u 

124905 

4. 

shopp 

876496 

5. 

Donkey/ Horse 

1313 

6. 

Pif» 

153911 


Table 4.2. Information used for estimating cattle dung production in the area. 


S.No. 

Information 

Value 

Remarks 

1. 

Dung productivity 

5 kg per day 

Varies with seasons, higher in monsoons 

2. 

Clollection efficiency 

100 &90% 

Total collection while stallfed and 90% when grazed. 

3. 

('•razing days 

15 per year 

During rainy seasons 

4. 

Dry to Wet ratio 

0.25 

Dry weight is 25% of the wet weight. 

5. 

Cattle population 

117827 

Computed based on the collected information. 


Livestock computation 
Total number of families 
Average livestock holding per family 
Average proportion_of families holding livestock(%)- 
Total livestock in the block = 28264 X 3 X 0.65 = 117827 

Cattle-dung production in Memari block (District Burdhaman) 

Formula; 

Annual Dung Production = [{Avg. dung productivity x Total no. of cattle x Stallfed days x 

collection efficiency} + {Avg. dung productivity x Total no. of 
cattle X grazing days x collection efficiency}] x Wet to dry 
weight ratio 


60424 

3 

65 


Calculations: 

K117827X 5 X (90/100)X15}+{l 17827X 5 X (100/100) X 350}] X 0.25 = 53537 tonnes/yr. 

Disposal of cow-dung 

A quick decomposition rate of soil organic material in hot and a humid climate enriches soils 
of the study area and makes them fertile. So, the cow-dung that is usually used for manure 
and plastering purposes, is mainly used for fuel. 
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Table 43. Disposal of cow dung 


S.No, 

/ nd iisr 

Rorcentage diverted (%) 

1 . 

1 (K'l 

HO 

2. 

Miiiuiro 

r> 

i. 

Pl.lStDriflR 

S 


Since most of the agricultural area is irrigated, people use chemical fertilizers. HuX for a 
minimum dose of organic matter ((h, 1 tonne Farm Yard Manure /ha/ycar, the block does not 
have sufficient cow-dung to manure 34338 hectare agriculture land. People are unable it> 
divert cow-dung for manure purposes to increase the soil productivity, 'fherefore it may be 
concluded that there is no surplus dung for power generation. Nevertheless, the resource mav 
be processed through biogas plants to obtain fuel gas and manure. Biogas may be consumed 
directly for cooking and/or power generation. Theoretically, the technology for power 
generation by biogas exists but for installing a pilot level demonstration, the infrastructure 
required to cater to scattered households and villages have to be considered. The 
infrastructure for collecting biomass, power generation, power distribution and distribution of 
dry biogas slurry is required. 

Fuelwood 


Fuelwood is harvested from various categories of land. Shrub wood, small poles, twigs, etc. 
are harvested from wastelands or common lands. Forests generally yield small timber and 
logs that are chopped to pieces and converted before consumption. The types of biomass 
harvested from a particular land use. depended on the vegetation cover. And, the land 
ownership delincs the accessability to the resource. 

Fable 4.4. Fuelwood types and 

resources in the study area 

I'vpc ol'i uclwood 

Kcsources 

1 ucIwtuKi Iroin trees 

Village forests. Govt. Mtiiuigcd forests other lands 

l.og.s or Miisill poles from trees 

Village Ibrests. Govt. Managed forests & other lands 

Sltrub woods 

illagc common-lands, V illage lorests. Govi Managed torest.s & other lands. 


The landiise records revealed that the block had only 4 ha or hmd that cannot generate 
suit,cent b,om,uss tor the power generation, under natural and open svstem.s tU' forest 
management, fherefore. no estimate was made for fuelwood from fo;ea.,,. Tlte district has 
dense canop.es .n the areaselose to Birbhum District (outside the block) which arc highly 
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pressed for local timber demand. However, the growing stock and the sustainable yield for 
the forests have been given in the table 4,5. 


Table 4.5. (irou iiig slock and su.slainable yield in the Burdhaman district 



I <>r<*st arod 
tS(]. Ivfn) 

Arc'd Mirvpyc'd 
(Sti.kfll) 

Stem/ha 

Vol. / hd 

(in') 

Total Volume 
(m') 

Sus. Yield 

(@ 5 7..) 

(m'/ yr) 

Sus. Yield 

(@ 5 %) 
(tonne / yr) 

Burdli.tiu.in 

1 

1 sy 

468 

10 

287000 

14.^50 

21525 


Disposal of fuch\'ood 

Fuclwood collected Irom Government forests or social forestry plantations are sold by 
auction. The auctions are open to anybody from any part of the country. Local consumption 
of the auctioned wood is primarily for crematoriums and furniture industry. Mostly villagers 
gather fuclwood from their own lands or from forests, which goes unrecorded. However, the 
proportion ol'luelwood is very small in the local fuel-mix. 


Saw dust 

The urban area of Memari has three saw mills which generally process Malaysian wood 
imported tltrough independent traders. 


Number ol"Saw' mills in Memari 
Average saw' dust production / day - 
The mills work for six months/ year - 
Annual saw dust production = 


3 

5 Qn. 

120 days 

3 X 5 X 120 = 1800 Qn. = 180 tonnes 


Disposal of saw dust 

People, in the urban settlements, burn Saw dust in traditional stoves for slow heating. The 
dust is sold at a price of Rs. 0.50/kg. 

Agriculture crop residues 

ITaditionally the major agriculture crops in the area are rice, oil seeds, fibre crops and spices. 
A signilicani shift toward cash crops like vegetables, potato and pulses came in the last 
decade. Generally people feed animals with crop residues. Nevertheless, the residues from 
rice, mustard, a few pulses, sugarcane, etc. may be used for fuel purposes. The residues trom 
vegetables, most of the pulses, spices and potato are herbaceous in nature and so far reliable 
technology tor power generation from them is not available. 
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"^In the study area, the crop-wise land use data is compiled on an annual basis, unlike Northern 
states where it is aggregated separately for cropping seasons, lloucxer. seasorr-wise area 
distribution is available for rice, under its vernacular names, In Mcinaii block X6,K1 percent 
of agriculture urea is under the rice. 


Table 4.6. Rice cultivation calender 


S.No. 

N,w)(' of Ricf} crop 

1 mi(‘pcnotl 

t 

1. 

Vir*. 

N()vt‘inl)c'r - Fobruafy 

{ >i»i III > .Hiiiblv ill i‘ 

2 . 

■\iiton 

liifU* - S<‘(itcmb<»r 



Horo 

Mar< h - NUiy 

( MilfM* (iDtliliV 


The major agriculture crops in the area are rice, oil seeds, fibre crops and spices. While 
estimating the crop residue production it was observed that there was negligible area under 
sugarcane that may not yield sutTicient crop re.sidue for power generation. Crop residue from 
other crops were either food or fodder, 'fherefore the estimate of residue production was 
restricted to rice only. 


Table 4.7. Crop-wise landuse in Mem ari block 

_ Are^ (ha) s.Nn (rnp 


K 

Piuldy 

23500 

5. 

V(‘};tHubl«‘ 

11 iO 

2. 

OiKpptJs 

2741 

6. 

Spit <‘s 

l.>26 

]. 

Pot.ito 

6200 

7 

PiiKi's 

.’1 

4. 

VVIkmi 

175 

H. 

Sllt',,»f( iltW 

(J S 


Three e,stimalcs ..I'productivity rvereavailaWc for different crops of the pttddv. front rlifferent 

seturees. However, the estimates given by local Agriculture Officers were used for computing 
the supply ot agriculture residues. 


‘Ij- Area, grain pro ductivity and production of Paddy in Memari hlo .-k- 

C<r.i/n Produanmv (tonnvlh,]) 
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Grain to husk ratio for paddy - 0.22 

Annual paddy production in the area - 64361.79 tonnes 

Rice husk produced in the area - 64361.79 X 0.22 = 14159.59 tonnes 

Formulae used 

Seasonal Ricc-husk production = (Area under rice in a growing season x Grain 

productivity x Grain to husk ratio) 

Annual Rice-husk production = Sum of Rice-husk production under Aus, Amon & 13oro 

crop in the block 

Major supply ol paddy comes to market after rainy season and the supply was almost 85 per 
cent of the total paddy production in the area. In other two seasons, i.e,, Aus and Boro, the 
remaining 5 and 10 per cent paddy is grown, respectively. 

Overall supply situations in the block 

A commercial level technology for using dung for power generation is not available and the 
wood yields are too small to use for power generation. However, both the resources in the 
block have been estimated and depicted in the table 4.9. Wood may come from various 
sources like village forests, social forestry plantations and Govt. Forests. The block has no 
Govt. Forests. However, the FSI estimates for the growing stock and sustainable yields arc 
given for whole of the district (Table 4.5). In both the blocks, sufficient quantities of rice- 
husk wer^ available for power generation. 

c 

Table 4.9. Assessment of different biomass for power generation in the block 


S. No. 

Rpsource 

Annual availability (tonne) 

Memari block 


1. 

'■ ow dung 

53557.00 

2. 

Wood 

Nil 

3. 

Saw dust 

180.00 

4. 

Rice husk 

14159.59 


The probable applications and the prerequisites associated to the resource-wise biomass 
availability in the block, were observed and are given in the relevant section in the chapter on 
the Scenarios oi* power generation. 
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CHAPTER 


Scenarios of Power Generation 


Introduction 

Industrial, domestic and commercial sectors are major power consumers. With one-third 
households electrified, a domestic .sector consumes electricity mostly for lighting. Due to 
limited supply of commercial fuels, domestic and a commercial sector derives a major share 
of energy from coke and cattle dung. A little quantity of fuelwood is consumed. The 
Industrial sector largely depends on electricity as the major industries are mineral, mining, 
metal, chemical and textile related. These three sectors are major power consumers in the 
study area and will be the probable consumers for thp proposed power generation. However, 
industries besides consuming significant power, produce surplus biomass that may be used 
for power generation. Therefore the industries, which are probable producer and consumer of 
biomass-based power, have to be identified for the demonstration of the proposed power 
generation. Another option is to generate power for W. Bengal electricity Board. W. Bengal 
generates 19215.03 MU (Mega Unit) and runs in a deficit of 8458.94 MU of electricity. 

The section detailed the power consumption in various sectors, scenarios of power generation 
and associated prerequisite. Power consumption was estimated based on the secondary 
information verified through a primary survey. For industrial sector, the consumption was 
assessed primarily for the industries that deal in biomass, some way or the (Uhcr. I lowever, 
major power consumers in the study area were also identified and their power consumption 
pattern is detailed. Separate sections deal with the power generation scenarios, possible 
applications and the associated prerequisites in the respective blocks. A summary table for 
each selected block is provided in Annexure - XIV and XV to reveal an overall scene. 


Power consumption 

Domestic and commercial sector 

Both the sectors ha\'e intermingled in inhabitated area and there is no dctined separate 
commercial sector. Also, the project aims at generating 10 MW power, CiKimiercial 
consumers with less than 5 kW power requirement were considered at par with domestic 
sector. So the sectors were clubbed. The domestic sector denotes an inhabitated area inclusive 
of commercial installations like markets, roadside hotels, tea-shops, etc. Moreover, the 
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roadside hotels, tea-shops, etc. also primarily use softcokc or arrange kerosene oil I here!* . 
their power consumption remains at par with that of a household unit. 

Utilising biomass for an energy enduse is generally guided by its fuel %’alue, a\'ailahtlif\ and 
market price. In the study area major fuel used arc dungcake. hamlinade coke aiul ^fop 
residues. The share of fuelwood is small and Kerosene oil is u.sed (utly lor lighting 1 Pt» i. 
not available in rural areas. The similar observations were made in earlier studies in ilu* auM 
compiled in I’BRI's Rural Energy Database (REDB). 

Tabic 5.1. Domestic fuel consumption in the study area 


S.No. 

/ uel consumed 

[U(H k SU'm.ui 

1. 

Soft coke (kg / household / day) 

1 SS 

2. 

W(K)d (kg / household / day) 

U '>.» 

3.’ 

(Irop residues (kg / household / day) 

i) 4 t 

4. 

Dungcake (kg / household / day) 

U .’J 

5. 

Kerosene oil (It / household / day) 

0 n‘i 

6. 

LPC . 

Nil 


The status of electrification as revealed by secondary .sources is dilferenl troin that cd 
in the field. It was observed that 75 per cent selected villages in the Meman block were 
electrified. However, the block had 48 per cent households electrified Accurding to ihc 
district level secondary information, more than 77 per cent villages arc electnfictl but ' ^ (m'i 
cent households in Memari were electrified. Because of the small number ot huusrhidti% 
electrified, the average power consumption per household is small. I bc estimate ot |h.uc. 
consumption was based on the secondary information available on the aspect. 


Power consumption in domestic sector of Memari Block 


Power consumption per household 
Total number of household in Memari 
Total Power consumption (Present) 

Future Scenario 

Percentage of households electrilied 


0.08 kWh / liou.sehold da\ 

60424 

60424 X 0.08 X 365 ~ 1764 K K W 11 

.T3% 


If all the households 
In Memari 


are electrified, the demand may ri.se at least 
1102738 X 3 = 3308214 KWH 


3 times. 


imi KI fu tk- f ktt I * 
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The demand for power, in the study area is growing. With a rise in socio-economic status 
people will go for electricity connections and later for more & more electrical gadgets When 
all the households will be electrified (i.e., number of households rising from one-third to the 
total), the total demand for power may rise at least three times. 

Industrial sector 


Biomass resources in the study area 

The foremost objective of the study was to estimate power generation potential by using the 
biomass sources. So the study was focused on the industries that process biomass either as an 
input to production process or for energy purposes. Moreover, major industries in the study 
area are processing biomass. The industries require different quantities of biofuels and 
produce different types of biomass during their production process. People already have 
channels and procedures for disposing the biomass. Based on the disposal processes, a 
surplus biomass may be identified. The surplus biomass is the easiest to obtain for power 
generation. Other biomass resources may also be diverted for power generation but have 
some prerequisites. 


T'^ble 5.2, Disposal of various biomass ou tputs 
S.No. Hiomass Output Disposal 


Rice-husk 

Oil extraction (3%) 

In-house biofuel (157o) 

Local people consume as fuel (1 %) 

Open burning without any enduse (81 7r,) 

Rs 3 per 40 kg 
Nil 

Nil 

Nil 

Sugarcane bagasse 

The only sugar-mill (Ahmedpur) closed 


Saw (lust 

Local people consume as fuel (10()7.>) 

Rs 0.r>() per kg 

Bran oil cake 

Artificial feed (1007c.) 

Rs 10 p(»r 40 kg 


Ditterent biomass generated in various industries are disposed oft' for particular enduses and 

have separate market price. The rice-husk has high silica content and is not fed to cattle and a 

large portion (more than 80 percent) is burnt without any enduse. The residue may be easily 
diverted for power generation. 


Biomass processing industries 

Rioe-mills. Bran oil-mill and Sugar-mill are the biomass processing units and the major 
eectricity consumers m the area. Other major power consumers are Cold storage and the 

ri rmur, b r T ^ ">in-complex containing a 

nce-mill, a bran oil expeller and/or a cold storage in one compound. Moreover the industries 

arema.ntammgh„gegeneratonrtomeettheirpowerre<,uiretnents.Sa^^ 
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consumers and needs 12-20 kW power. The industries that have a large power requirement 
and produce large quantities of surplus biomass may be the possible sites for power 
generation. However, the industries that have large power demand and are not producing any 
biomass (like Cold storage) have also expressed willingness to generate power. 

The industrial profile of the study area reveals that most of the industries are related to food 
processing or post harvest technology, i.e., rice-mills, cold storage, oil-mills, sawmill, fibre 
processing and other cottage industries. The industries may be classified in three.categories 
based on the method ol' Utilising biomass. There may be biofuel consuming industries, 
biomass handling but not producing biomass industries and biomass producing industries. 

Tabic 5.3. Classification of the industries based on biomass use and probable application 



Biofuel consuming 

Handle Biomass in 

process 

Produce biomass output 

Little heating requirement 

Bakery, hotels, etc. 


■ 

Heating & Power requirement 

Rice-mills, Sugar-mill, 

Rice-mills, Bran oil 
mills, Sugar-mill, 

Rice-mills, Bran oil mills. 
Sugar-mill 

Little power requirement 


Furniture, truck body 
builders. Sawmill, 

Sawmills 

Major power requirement 


Cold Storage 

Cluster of industries 


Almost it is the same set of industries in all the categories. Nevertheless, the classification 
defines the process of biomass handling and thus the application of gasifier, e.g., in a Bakery 
only heating application is required and in a rice-mill a gasifier may be used for heating 
boilers and power generation. The industrial sector that provides an application for heating or 
have a small power requirement, may provide very low demonstration value for installing a 
gasifier for either of the purposes. So the priority may be given to power generation in 
biomass producing and/or large power consuming units. 

Table 5.4. Profile of the major biomass producing industries 


Industry 

No. of Units 

Run for (months' / year) 

Small Rice mill 

55 

5 

Big rice mill 

18 

12 

Saw mill 

3 

4 

Oil-mill 

3 

12 

Cold storage 

22 

12 

Cluster ot industries 

4 

12 
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Table 5.5. Biomass produced and power consumption in biomass producing industries 


Incliistry 

Biomass 
produced 
(tonne / year) 

Power 

consumption (kWh 
/ year) 

Power cut 
(hrs/dav in 
month/yr) 

Standby 

Ceneratru 

(KW) 

Small Rico mill 

B 

15000 

4 hrs (4 Ml 

2 '■ 1-40 

Big rico mill 

1606 

90000 

7 lirs If) M) 

“lO-HO 

Saw mill 

125 

6000 

5 hrs (4 M) 

Nil 

Oil-mill 

.100 

24000 

4 hrs I4M) 

Nil 

Cold storage 

Nil 

96000 

f» hrs (6 M) 

60-125 

Cluster of industries 

May not 

108000 

5 hrs (4 M) 

80-175 


Note : The diM hnve been computed for a unit on representative case basis 


Another interesting factor is Power cuts. Low voltage or single and double phase connections 
are also similar to power cuts, in bigger industries. Thus, duration of the cuts may vary with 
industries. Invariably all the industries identified summer months as problematic because 
power cuts for almost 5hrs every day. Most of the industrial units work for one-shift system 
and cannot afford to lose major work-time. So they maintain standby diesel run generators of 
large sizes. Besides the cost of running generator sets, the industries have to operate at less 
than their capacities, temporarily shut down some units, waste lots of labor, etc. while 
prioritising distribution and consumption of the standby povyer. 

Power consumption scenarios 

Meeting the power supply gap during the cuts, was identified as the major local priority. 
Along with it a few more consumption scenarios were considered for the proposed power 
generation. The scenarios were, a 20kW or 50kW generator running for 5 hrs daily which 
may energise small hamlet or street lighting in a village. A 50 K.W generator running for 5 hr: 
daily, in a small industry, would help meet the power demand during the cuts and the 
generator running for 10 hrs a day may replace dependance on the grid. Generators with a 
size varying between 100 kW - 500 kW running for 5 hrs daily may meet the power demand 
during power cuts. The same generator running for 10 hrs daily may generate sufficient 
power to reduce dependance on electricity grid. There is no single local consumer for I MW 
bigger power generation. Such a large generation may be fed to the electricity grid, for 
monetary gains or an assured uninterrupted supply in summers. Mo.st indu.stries were 
interested to adopt power generation technology to cut down their e.xpenditure on electricity 
and diesel bills. The priority showed that the locals are interested in adopting a cheaper powei 
generation technology. 
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Power generation scenarios 

The power generation potential in Memari block centers around rice-husk, as the wood 
production is negligible in the area. However, the saw mills may sustain their power 
requirements by using sawdust for power generation through the gasification route. The 
sawdust production in three saw mills of Memari town, if ted to gasiliers, may run 20 kW 
generators tor 5 hrs per day tor whole ot the year. Since the power requirement is just for four 
months, the si/e of generators may he doubled to meet all power demands. 


Tabic 5.6. Potential power generation by using sawdust an d applications in Memari block 

(>l d)v<> tho funvrf will hist tor, under lalknvinf’ 
pawor conwinption scon.inos- 
(Nuiuhor oi diiysi 


Bioniiiss 

i.Hiantitv 

{tonnes) 

fknvi'r 

generation 

(kWh) 

20 kW 
generator lor 
n /hr/day 

50 kW 
generator for 

5 Ihr/day 

50 kW 
generator tor 
10 /hr!day 

1 MW 

generator 

for 5 
/hr/day 

Possible 

Applications 

S,nv (lusi 

IHO 

12()()()0 

1200(1080) 

units for 
i62 days 

480(432) 

2 units for 

216 days 

240(216) 

1 units 

24 (21)* 

* Self 

sustainability 

* Sale to tlie 
grid 


Note: * / i^’iiK’s in parentheses are discounted number of days due to 10% processing losses 


The block has 55 small rice mills that operate for five months a year. These may be energized 
by installing 150 kW generators in every mill that will run for 10 hrs per day for five months. 
Larger installations of 500 kW generators operating for 5 hrs per day may meet requirements 
of 10 mills for almost 10 months. Major power requirements of all the four clusters of 
industries, in the area, may be met by running 500 kW gasifier-based generators for 10 hrs 
daily. 


Tabic 5.7. Potential power generation by using rice husk and applications in Memari block 





Number of days the power will last for, under following 
power consumption scenarios 
(Number of days) 


Biomass 

Quantity 

(tonnes) 

Power 

generation 

(kWh) 

200 kW 

generator 

for 8 

Ihr/day 

500 kW 
generator for 

5 /hr!day 

J MW 

generator lor 
5/hr/day 

1 MW 

generator 
fof 16 
/hr! day 

Possible Applications 

Rice husk 

14159.59 

9439726.7 

9440(7552) 
25 units for 
302 days 

3776(3021) 

10 units for 
302 days 

1888(1510) 

5 units tor 

302 days 

590 (472)* 

2 units for 
236 days 

* Meeting power 
demand at cuts 

* Self sustainability 

* Sale to the grid 


Note: * I ignres in parentheses are discounted number of days due to 20% processing losses 
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Since there are no single consumers for power production bigger than 500 kWh, all the power 
generation may be sold to State Electricity Board (the local grid). A 2 MW power generation 
unit running lor 16 hrs per day, may work for nearly 8 months per year, in tlic area. However, 
for such an installation major requirement is a procurement agency that would purchase 
surplus rice-husk from all the mills and from every village. Then transjTort the biomass to the 
power-generation plant. To transport whole of the rick-husk, trucks will have to make at least 
1400 trips throughout the block. The economics involved in transportation should also be 
considered while taking the decision. Most of the industries have their standby generator sets 
and may allow any tempering with them only if the proposed technology is undoubtedly 
perfect. Moreover, if the enterprise is launched as a Government project, the market forces 
may behave difl'crently. Generally the cost of operation by a (iovernment organization is 
higher than that of a similar private organization or entrepreneur. I lovvever. problems ma}' 
come to private organization also in procurement of raw material once the unit is in.stallcd 
due to professional reasons. 

Prerequisite 

Any entrepreneurcr, venturing into power generation for more than 1 MW. would like to .seek 
queries on the following: 

1. Status of biomass supply 

2. Status ol' technology, availability of repair and maintenance units 

3. Economics of installation and operation 

4. Status oi electricity supply, chances of an up gradation oi' grid and nature of power cut | 

5. Infrastructural, logisticland legal support from Government agencies. 

Status of biomass supply for various resources is being reviewed and discussed in the report 
and status ot technology and availability of repair / maintenance units vary with manufactures 
and should be a.sked in detailed. A list of addresses of some manufacturers is given in 
Appendix VI. An economic feasibility tor power generation by biomass and other 
conventional resources needs a separate detailed study. So, there arc no comments on 
probable changes in economics of the power generation, its comparison with hydel power and 
grid expansion. However, relevant prerequisite have been highlighted while-discussing the 
possible power generation and its applications. 

Small decentralized power generation units may have to seek permission from Government 
authorities for power generation and public distribution. Normally, the state Electricity 
Boards discharge the duty and a new venture has to seek lots of clearances and permissions. 
Also they should develop a large infrastructure to obtain biomass and distribute power. An 
entrepreneur generating electricity for State Electricity Board would like to reach long term 
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agreements with the Board WBREDA and State Forest Department (FD). To establish a 
luelwood based power generating units, FD should assure sustainable fuelwood supply from 
forests or social forestry plantations. 

If the power generation in individual mills aims at meeting the demands during power cuts or 
low voltage, the prerequisite to use gasifiers for the purpose is to have continuous (or long) 
power-cuts (say 4-5 hours/day). Gasifiers have to be charged, fired and heated to generate 
producer gas. The process takes 15-30 minutes. Therefore, gasifier may not be used in an off- 
on-mode or for short durations. So for the application, the State Electricity Board should 
ensure that power cuts are pre-announced and predetermined. 

A detailed study of rice husk based power generation 

Rice-husk is the major biomass resource in the block and may be used for large power 
generation. I'hcrcfore, further details on potential power generation from the resource are 
included in the following section. 

Types of rice mills 

Based on the quantum of the paddy processed, the rice mills are grossly classified into small 
and big rice mills. Besides the size, duration of operation (months/year), nature of the rice 
produced (polished/unpolished) and status of the mill (individual or cluster of industries), also 
define the size of a mill. Another difference is the scatter pattern and location of these mills. 
The small mills are in rural area and along the small district roads. The large industries are 
around towns and connected to National or State Highways. The location is characterized by 
the type of the farmer/customer utilising the service. Small farmers get their paddy de-husked 
at small rice mills (shellers) and people who produce good quality and big quantity go to 
large rice mills. Marginal farmers who have paddy for subsistence only shell it at their places. 
Interestingly that the major quantity of paddy comes to big mills and whatever is available 
with small mills or households also comes to market through an informal but moderately 
organized marketing system. Migrants from Bangladesh have settled in the parts of the study 
area, particularly along the National Highway No.2 (G T Road). Most of them earn their 
livelihood by trading in rice husk. They get the husk from villages and sell it to oil mills in 
town. 
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Table 5.8. Characteristics of the rice mills in the area 
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Small rice mills process 1 ()()() to 2()()() kg paddy and a large rice mill process 1200 to 4(i(i() 
kg/day. Average of the ranges was not taken as the representatoc ease because most ofihc 
respondents believed that small rice mills process 1000 kg/day and a large mill process 
almost 2(),()0() kg paddy/day. 


Biomass availahilhy 


Rice husk axailability in selected blocks revealed sufficient biomass availability for 
energising all the small rice mills. However, the rice husk availabilii\ may vary becau.se all I 
the husk may not come to markets or mills, a share also goes to oil extraction industry and ‘ 
above all, a significant share is consumed for heating boilers. I energise big rice mills, the ' 
required rice-husk has to be pooled. The biomass availability may change i j' number ol’mills 
contnbute their rc.source and the benefit flows to a few mills or consumers. The indusirie.s ' 


would like to discuss the sharing pattern for biomass resource and the benefit, in detail. Still. 

the biomass supply sccnario may change. Therefore, power generation potential of rice mills ^ 

and biomas.s availability for the purpose should be a.s.ses.scd Irom the point of view of rice 
mills. 


husk availability in the area (tonnes/year) 
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TOve blocks. Ooubting the results from primary surveys is diflicult because all the ii„. 
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energy interventions. The supply could be higher because there are reasons to believe that 
respondents at mills were rating the production, lower than actual. 

The rice mills not only had higher husk availability, thus the potential for power generation, 
but also have standby generators ranging between 80-175 kW capacity. Moreover, all the 
respondents at mills were keen to get the gasifier installed and ensured the rick husk supply 
even if it were to be bought. 

Power generation 

The technology available and the husk availability in the areas supports large power 
generation (say more than 200 kW). The power generation scenarios have been reviewed 
from the point of capital power generation (in MW) and building sustainability of rice-mills 
in meeting their power requirements (in kW). 


Table 5.10. Power generation in rice mills (As per primary survey) 


Block 

Husk production 
(tonnelyear) 

Power 

generation 

(kWh) 

200 kW 
generator 
for 10 
hr/day 

500 kW 
generator 
for 10 
hr/day 

2 MW generator 
for 10 hr/day* 

Possible Application 

Overall scenario 

Memari 23043 

Representative case 

15362000 



768.10 days 
(614.48 days) 

2 units for 307 
days 

* Sale to Electricity 
Board 

Small mill 

25* 

16667 

8 days 

- 

- 

- 

Large mill 

1200* 

800000 

400 days 
{320days) 

1 unit for 

10 months 

160 days 
{128day5) 1 
unit for 4 

months 


* Sustainability in 
meeting power 
demands 


Note: 1. f /gi/res m parentheses are number of days discounted for 20% loss of husk due to transportation. 


storage and handling. 

2. The supply (*) figures are 75 % of the total supply (discounting supply for other enduses). 


Evidently, large rice mills may generate sufficient power to meet their electricity demands for 
almost ten months in a year, by processing their production of rice husk through gasification 
routes and that too after meeting their requirement for fuel purposes. However, the industry 
may have to depend on the grid for at least two months a year. On a collective basis, if the 
surplus rice husk is pooled and electricity is produced for State Electricity Board, the area has 
potential to generate 4 MW for 10 months in Memari block. The husk supply may run two 
units of 2 MW each running for 10 hours per day. Keeping in view the scatter pattern, 
location of rice mills and presence of grid, it may be suggested that the power generation 
units for Memari block may be installed at village Baghila (J L No. 154) or Nudipur (J L 
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No.209) (both near Memari town) and second unit may be installed in village Parhati (J L 
No. 122). The location of large rice mills and organised industrial sectors have been marked in 
maps (Appendix III). 

It is learnt that rice husk based gasifier technology is available for 500 kW generators and for 
other sizes, both smaller and bigger, the technology has to be scanned. Though the 
calculations have been made for 200 kW but the installations will be pilot level projects, only. 

Related economics 

Presently all the industries are spending a huge amount on electricity supply but are not 
satisfied. They maintain diesel run generators and looking for cheaper options. The electricity 
bill varies between Rs 15,000-42,000 per month and annual expenditure on diesel is Rs 
60,000-1,50,000 at the present cost of diesel. During power cuts, they run at lower capacity 
and lose significantly, in more than one way. 

The mill authorities were found agreeable to invest up to Rs 3 lakhs for installation and 
would not even mind Rs 50,000 as annual recurring cost for running and maintenance. 

Prerequisite 

Most of the prerequisites have been enlisted earlier. Still, a few. as expressed by rice mill 
owners are detailed below. However, most of these are technology related. 

1. People are not familiar with the gasifier technology and have apprehensions. So in- 
depth extension and introduction to technology are required. All possible support may 
be extended during the demonstration phase. 

2. Since the technology is new, entrepreneurs are hesitant in spending huge money for 
installation or capital investment. Also they would like minimum tampering with their 
generators, if those are used. 

3. The technology should be as trouble free as the generator sets and maintenance or 
repair units should be readily available. Perhaps locals are trained on gasifiers. An 
entrepreneur may not like to lose because of technological failures. 

4. The formalities involved in seeking permission for power generation may be reduced 
and an agreement with the Electricity Board may be simplified. 
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Conclusions 


1. In Memari block power may be generated by processing rice husk through a 
gasification route. Power may be generated by saw dust, and fuelwood derived from 
village forests and social forestry plantations. In the area, a huge amount of cattle 
dung is also available but may not be used for power generation. 

2. There is potential for power generation at different levels and for various consumers. 
Power may be generated; at individual industry level for power sustainability or 
meeting the power demands at the time of power cuts; at community level to energise 
street lights in villages; or it may be a massive power generation for State Electricity 
Board. All the options have respective associated prerequisites. 

3. Highest priority is attached to large power generation based on rice husk. Two units of 
2 MW each may be installed in Memari. The units will run for ten months in Memari. 
The estimate is based on the rice husk availability with rice mills. 

4. All the large rice mills produce sufficient rice husks to generate power to meet their 
demands for almost 10 months. Since the industries have large consumption of power 
and are financially sound to share initial installation cost, the application of the 
proposed power generation also holds good demonstration value and prospects. 

5. Small rice mills and saw mills may attain sustainability in meeting their power 
requirement. However, the application is rated low as the sectors work for 4-6 months 
hence the demonstration remains idle for major part of the year. Moreover, the 
industries may not go for high investment cost and complex technologies. 

6. Cold storage and cluster of industries are also large scale power consumers and 
provide scope for demonstration of a decentralised independent power generation unit. 
However, the economics of power generation should be attractive. They may ask for 
some incentives. 

7. West Bengal Renewable Energy Development Agency may procure rice husk and 
start generating power for grid. The demonstration may encourage private 
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entrepreneurs to take up the idea as an industry for domestic sector electrification and 
creation of decentralised independent energy/power units. 

8. At village level, street lights may be energised or all the households in small villages 
may be given one point per household connections if WBREDA takes up installation 
of small size gasifier and power generation units. The demonstration is costly but has 
great social value. 

9. Availability of rice husk with rice mills is higher than the total rice husk production in 
area. It may be ascribed to much larger catchment area for the rice mills. 

10. Most of the rice husk produced in the area enters into market system, either formal 
(mills) or informal (Bangladeshi migrants). However, major shares of rice-husk comes 
to rice mills and if more is required, it may be bought from the informal market. 

11. High resource availability like cattle dung and herbaceous crop-residues; a coke-based 
energy consumption pattern; little electrification and low economic status, etc. provide 
opportunities for establishment of decentralised energy systems or reference 
Urjagram. Biogas, improved chulha, and solar power based equipment and 
technologies may find enormous adoption. The feasibility studies on the lines ma\’ be 
initiated. 


Any of the option may be explored in detail and pilot level demonstration may be installed. 
Most of the options call for economic incentives, sharing of installation cost, smoothening of 
logistics and massive extension work. 
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Map of Memari block with selected villages 
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^^ap of Memari* brock with location of industries marked 


Page 


POLICE STATION MEMARI 

DISTRICT BARDDHAMAN 

MilC 1 0 4 Z 3 




' 5 ’;,I?) . 

I ■ ‘ P i 

T^-/ > i‘ute*t.vuj* ^ 

a! -- 

/._r-* ; ®’,= j 

- 1 

S;?i .n 


^...K 

■ S Vi 

ais ^ 

k y’ 

' f^< T'"" r 

®'-Jl_ r-'-'O 7 


Ifl. '=j#y~x ?T Vj!'» ( y yoi > » .^: 




\;x V ':/ 

V/ •:» I ; 

A I ! 

•■. ' I 


i’ty 


A 


= C*.DA5>. D.STqiC*’ 


' 'ii- ; «»-v ••" I- V 

S •** . tv'*i A_'_J.__ 

I ' ^ tj''. v_-' <•, w 

^ --) |i1J/ Q -• ~ -V. ^■ 


fCLlCE CTAT.CV . 

vilLVICE VITh LCCA'iON CCCE 


-*A:c-jAfiTEss ; PCL'CE sTiT on . a- 

'. ...~;e 3 .virH pcpulat'cn S':e selc.v :co . . a « a S 

.C3--59 . iSO-WSS . iCCC- 4999 . iCOO & ABOVE __ 

>„ViriMA6irE0 VILLAtiS ^-iTH LOCATION CCCE HUMSEa .. . L--L^L - - - 
.,;a*.v APcA aith lCCATicn CCCE r.L-<it0EB. ^i'?'''S^'-ry ... - l .i 


/3 ^ *7 / ='• 1 '• / 

/s-. f 

5 O i)\?,r:''r-U 


i-w - ,/ V. 
. A.x' j|^ 

4 ^ 


j NAnC.'ML ..■ ■ 

iMPOaTANT metallic aOAO .- „.————— 

BAILy/AY line with STATION, BBOAO GAUGE..- — = ■■ "=■''^ -' i "■* 

Rivea ANO STREAM.- - — 

POST CFFICE. •■ — .. 

MlCHcR SeCONOAar SCHOOL . * , 

PRIMARY health CENTRE, DISPENSARY ANO CHILD ® "j* A 

WELFARE CENTRE . 

ftM«d LRAII S\r«»y o< MPi* ••P *"•»» !«• p»diM»»i«n oT TT» Suf<itjor Ctntrai of India. 


^ Organised industries ■ Unorganised industries 




Appendix - IV 

Location of Un-electrified villages in Memari block 
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Biomass gasifier system 

The gasifier system to be coupled to the diesel genset consists of (i) fuel processing unit, 
(ii) main gasifier, (iii) gas cleaning/cooling train and (iv) waste utilization unit. These are 
'described briefly below. 

The fuel processing system is designed so as to process most biomass residues. The 
different routes for biomass processing are shown in Figure 1. It consists of a wood cutter, 
a chopper, a pulveriser and a ram and piston type briquetting (densifying) machine. The 
wood cutter is primarily used for cutting long pieces of wood into smaller (~ 5 cm x 10 cm) 
pieces, which are desirable as they ensure smooth fuel flow within the gasifier thus avoiding 
bridging. Agricultural residues like com cobs, coconut shells, cashewniit shells etc. can be 
used directly without any preprocessing. Residues like mustard stalks, cotton stalks, lantana 
etc. can be chopped and used directly, provided they have a reasonably good bulk densities 
(~ 250 kg/m^). The chopper is a conventional chaf cutter extensively used in rural areas for 
fodder cutting. Biomass residues such as groundnut (peanut) shells will have to be pulverized 
and then densified. The pulveriser is a conventional hammer mill grinder available easily in 
the market. Items like saw dust can be directly briquetted. The briquetting machine is a 
eommercially available ram and piston type, which has gained popularity and commercial 
acceptance in recent years. These units will use some of the power generated by the power 
plant, but as they are not used simultaneously, they do not draw heavy load. The elecrricity 
consumption for the various biomass processing units is in the range of 0.02-0.1 kWli-ka. 



Figure 1. Routes for biomass processing 


The main gasifier is a downdraft throatless design with a low specific gasification rate 
and provided with a continuous char removal system. It consists of a fuel hopper (storage 
bin), the reaction zone, a vibrating grate, all provided in a integral unit. In its travel through 
the gasifier, biomass drying and oxidation (combustion) undergoes followed by conversion 
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to producer gas and char. The char is collected in a water pond below the grate and the .,v 
is taken out through a bottom side port for further cleaning. Fuel is charged front the ton 
throuah a gas-tight port, which is opened and closed ninnually. The stora»e bin 
accommodates sufficient fuel for a 2 hour operation at full load. However, as the gasifier is 
under slight vacuum, fuel can be changed at frequent intervals without interruptina "as 
production or power generation. Two air nozzles are provided for combustion. The technical 
details of the gasifier are listed below. 

Type 

Specific gasification ratio 
Gas production 
Gas calorific value 
Cold gas efficiency (energy 
in gas/energy in biomass) 

The raw gas contains appreciable amounts of tar and solid particulate matter, to the 
tune of 1500-2000 ppm. The impurity levels should be reduced to about 50 ppm before 
admitting the gas into any internal combustion engine. ITiis is achieved by passing the aas 
through a series of units viz., a gravity settling chamber, a cyclone, a venturi scrubber! a 
packed bed scrubber, a sand bed filter and a paper filter, as shown in Figure 2. By the end 
of cooling/cleaning train, the producer gas is at ambient temperature and the total impuritv 
content is down to 30-50 ppm. The uater used for cleaning./cooiing is recycled after 
screening for solid particles, and passing through a natural draft cooling tower. 


Downdraft, throatless 
0.1 NmVcm' hr 
2.3-2.5 NmVku 
1000-1200 kcal/W 
70-80% 



Figure 2. Schematic diagram of the gasifier ba.sed power generation set-up 


pie principle waste produced is biomass char and the tar and particulate matter 
CO ecte while cleaning the gas. The gasifier is designed .so as to produce char and not a.sh. 
e c ar and other solid matter collected in the water tanks is mixed and allowed to sun-dry 
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for a day or two. After this it was fed to a low pressure screw extruder for making char 
briquettes. Analysis of these briquettes showed that they contain 50% carbon, 40% ash and 
minor quantities of hydrogen and nitrogen. The calorific value of the briquettes was in the 
range of 3500-4000 kcal/kg. The briquettes are thus suitable for sale as solid fuel to 
commercial enterprises like road side hotels. 

The complete power plant 

Gas produced from biomass as described above, is fed into a suitable diesel genset. The 
capacity and specifications of the genset are selected a-priori and the capacity of gasifier and 
other sub-systems are designed in accordance. For example, for a 62.5 kVA genset with 6 
cylinders of swept volume 6.614 litre and 1500 RPM, the gasifier will have to be designed 
to consume about 50 kg biomass/hour. The producer gas, when burnt inside the diesel engine 
along with diesel oil, will replace upto 70% of diesel. The diesel replacement figures for a 
50 kW gasifier power plant are shown in Figure.3 for different fuels. On a continuous basis, 
the power plant consumes about 108 ml diesel and 1.1 kg biomass to produce 1 kWh of 
electricity. Out of this, about 10% is used for parasitic consumption and the result is available 
either for feeding into the grid or for captive utilization. 



Figure 3. Diesel replacement achieved with dual fuel mode operation of diesel genset 
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List of groups developing Gasifires and Rice furnace 


1. The Regional Centre for Extension 
Service 

Modernisation of Rice Processing 
Annamalai University, Annamalai Nagar 
Tamil Nadu 

2. The post Harvest Technology Scheme 
College of Agricultural Engineering 
Punjabrao Krishi Vidyapeeth 
Akola. Maharashtra 

3. Department of Processing and 
Agricultural Structures 

College of Agricultural Engineering 
Punjab Agriculture University 
Ludhiana. Punjab 

4. The Rice Processing Engineering Centre 
Dept, of Agricultural Engineering 
Indian Institute of Technology 
Kharagpur. West Bengal 

5. Department of Agricultural Engineering 
College of Technology 

G B Pant University of Agriculture & 

Technology 

Pant Nagar, U. P. 

6. Post Harvest Technology Scheme 
Agricultural Engineering Institute 
University of Agricultural Sciences 
Raichur, Karnataka 

7. M''s Krishi Sewa 

Naroda Industrial Township 
Naroda. Ahmedabad, Gujrat 

8. M/s Wanson (India) Ltd. 

Chinchwad 

Pune, Maharashtra 

9. M/s MG Industries 
Batala. Punjab 


14. Tata Energy Research institute 
Habitat Place, Lodi Road 
New Delhi - 110 003. 

15. Thapar Corporate R&D Centre 
Patiala, Punjab. 

16. Ankur Scientific Energy Technologies 
Pvt. Ltd. 

Near Old Sama Jakat Naka 
Vadodra - 390 008, Gujrat. 

17. M/s Associated Engineering Works 
PB No. 17, Chivatam Road 
Tanuku - 534 211 

18. M/s Electrotech 

E - 61, Industrial Phase - VIII 
S.A.S. Nagar, Mohali, Punjab. 

19. Janta Refractory &. Steel Rolling Mills 
C-159, Industrial Area 

Site No. I, B.S. Road, Ghaziabad. U.P, 

20. M/s Cosmo Products 

Ashoka Complex, Pachpedhi Naka 
Dhamtari Road, Raipur - 492 001. 

21. Grain Processing Industries (Indai) P\i. 

Ltd. 

29, Strand Road 

Calcutta - 700 001. W. Bengal 

22. Girnar Chemicals & Gas Industries Pvt. 

Ltd. 

8, PUSHPAK 

New Girdhar Park SOC. 

Ambawadi, Ahemdabad - 380 006. 

23. Netpro Renewable Energy (India) Ltd. 
Ill. Floor, GuptaTowers 

50 / 1 Residency Road, 1st Cross 
Bangalore - 560 025. Karnataka 


10. IIT. Powai, Mumbai. 

11. KSCST. 11 Sc, Bangalore 

12. IIT. Hauz khas. New Delhi. 

1 3 School of Lnergy studies 

I'unjab .Agriculture Unviersity 
Ludhiana. Pun)ab. 
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S. No. 

Characteristics 

Value 

1. 

Bulk density (kg/m’) 

110.0 

2. 

Calorific value (MJ/kg) 

14.1 -15.5 

3. 

Fixed Carbon (%) 

12.5 

4. 

Volatile (%) 

71.0 

5. 

Ash (%) 

16.5 

6. 

Carbon (%) 

37.8 

7 

Hydrogen (%) 

5.0 

8. 

Oxygen (%) 

48.4 

9. 

Nitrogen (%) 

0.3 

10. 

Silica (%) 

15.6 


Source; Bhatnagar, 1997. 


r 
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nf throat less gasifire engine at full load 

S. No. 

1. 

Characteristics ^ 


Value 

Composition of Producer gas (Volume ®"o) 



2. 

Carbon monoxide 


19.8 

3. 

Hvdrogen 


12.2 

4. 

Carbon dioxide 


12.4 

5. 

Methane 


3 0 

6. 

Nitrogen 


53.5 

7. 

Lower heating value of gas (MJ/Nm’) 


4 4 

8. 

Engine speed (rpm) 


1 soo.o 

9. 

Diesel replacement (%) 


75 0 

10. 

Hot gas temperature (“C) 


250 -2HC) 

11. 

Engine Exhaust Temperature ("C) 


350.380 

Source: Bhatnagar. 1997. 



Appendix - IX 

Furnace boiler performance evaluation 



S. No. 

Characteristics Value 



1. 

Husk feed rate (kg/hour) 



2. 

Steam production (kg/hour) 

0 


3 

Pressure (kg enr) 

10 


4. 

Combustion efficiency (%) 

'9 {) 


5. 

Furnace efficiency (%) 

19 0 


6. 

Overall Efficiency (%) 

>2 0 



Exhaust gas analysis (Volume %) 



7. 

Carbon monoxide 

1 8 


8. 

Carbon dioxide 

12 S 


9. 

Hvdrogen 

1 22 


10. 

Nitrogen 

5 


11. 

0\\gen 



Source: 

Bhainauur. 1997 
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